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An inkjet ink contains at least a coloring material and a 
specific water-soluble organic solvent and has both excellent 
color developability and excellent humidity resistance. The 
coloring material exhibits a small (9 or less) color difference 
AE value which is determined by a method including a series 
of specific steps and is represented as the square root of 
(L1-L2)+(al-a2)+(b-b). The specific water-soluble 
organic solvent has an evaporation rate X Smaller than that 
of water and a moisture absorptivity Y, the values of X and 
Ysatisfying the relation of Ys 2.8X--10. The content of the 
specific water-soluble organic solvent is 50 mass % or more 
of the total amount of water-soluble organic solvents con 
tained in the ink. 
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FIG. 2 
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INK, INKJET RECORDING METHOD, 
RECORDING UNIT, INK CARTRIDGE, AND INK 

UET RECORDINGAPPARATUS 

0001. This application is a continuation of International 
Application No. PCT/JP2005/012701, filed Jul. 4, 2005, 
which claims the benefit of Japanese Patent Application 
Nos. 2004-196446 filed Jul. 2, 2004, 2004-196449 filed Jul. 
2, 2004 and 2005-193806 filed Jul. 1, 2005. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an ink jet ink 
having good color developability, good humidity resistance, 
and high reliability as ink jet ink; an ink jet recording 
method; a recording unit; an ink cartridge; and an inkjet 
recording apparatus. 

0004 2. Related Background Art 
0005. An inkjet recording method is a recording method 
involving applying a small ink droplet to any one of record 
ing media Such as plain paper and glossy media to form an 
image, and has become rapidly widespread owing to a 
reduction in its cost and an improvement in its recording 
rate. With the rapid spread of a digital camera in addition to 
an improvement in quality of an image recorded by the 
method, the method has been generally used as a method of 
outputting a photographic image comparable to silver halide 
photograph. 

0006. In recent years, image quality has undergone 
improvement more than ever owing to, for example, extreme 
reduction in size of an ink droplet and an improvement of the 
color gamut involved in the introduction of multi-color ink. 
Meanwhile, there have been growing demands for a coloring 
material and ink, and stricter properties have been required 
in terms of an improvement of color developability and 
reliability Such as sticking property or ejection stability. 
0007 As compared to silver halide photograph, the ink 

jet recording method is problematic in terms of, for example, 
the image storage stability of the resultant recorded article. 
In general, the recorded article obtained by means of the ink 
jet recording method is inferior in image storage stability to 
silver halide photograph, and involves a problem in that a 
coloring material on the recorded article is apt to deteriorate 
to cause a change in color tone of an image and the color 
fading of the image when the recorded article is exposed to 
light, humidity, heat, an environmental gas present in the air, 
or the like for a long period of time. To solve the problem, 
a large number of proposals have been conventionally made. 
0008. In general, the inkjet recording method involves 
the use of inks each having a hue of yellow, magenta, cyan, 
black, or the like. It has been heretofore acknowledged that 
the yellow ink out of the inks must be improved in light 
resistance, water resistance, humidity resistance, and the 
like. For improving those properties, there has been pro 
posed, for example, the use of a coloring material having a 
specific structure such as C.I. Direct Yellow 173 or C.I. 
Direct Yellow 86 (see, for example, Japaneese Patent Appli 
cation Laid-open No. H02-233781 and Japanese Patent 
Application Laid-open No. H04-233975). The use of such 
coloring material as mentioned above shows significant 
improvements of light resistance, water resistance, and 
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humidity resistance, but, color tone, color developability, 
reliability, and the like are not at sufficient levels. 
0009. There has also been proposed the use of C.I. Direct 
Yellow 132 as any one of a yellow ink and a coloring 
material for an ink set (see, for example, Japanese Patent 
Application Laid-open No. H11-29729 and Japanese Patent 
Application Laid-open No. 2001-288391). Although the 
coloring material has often been used for inkjet ink because 
of its good color developability, the coloring material 
involves a problem in that its humidity resistance is remark 
ably bad. 
0010. There have also been proposed the use of a color 
ing material having a specific structure to aim at improving 
humidity resistance (see, for example, Japanese Patent 
Application No. H11-217529) and the use of an ink set of 
multiple colors to improve humidity resistance (see, for 
example, Japanese Patent Application Laid-open No. H11 
180028). 
0011 Each of the proposals described above has 
attempted to improve humidity resistance, but merely 
depends on the structure of a coloring material. In other 
words, neither proposal for improving humidity resistance 
by means of a coloring material having a specific structure 
nor proposal for improving humidity resistance by means of 
an ink set of multiple colors can prevent migration (image 
deterioration due to a change in color tone in an environment 
Such as a high-temperature-and-high-humidity environ 
ment). 
0012. There has also been proposed the synthesis of a 
novel coloring material having humidity resistance, light 
resistance, water resistance, and a hue and sharpness Suitable 
for ink jet recording (see, for example, Japanese Patent 
Application Laid-open. 2003-321627) However, even when 
Such coloring material is used, a certain ink prescription 
cannot reach the level of humidity resistance requested in a 
current inkjet recording method in Some cases. 

SUMMARY OF THE INVENTION 

0013 In view of the foregoing background, the inventors 
of the present invention have acknowledged that humidity 
resistance that is the largest concern in a coloring material 
having a yellow hue must be improved, and that a yellow ink 
excellent in both color developability and humidity resis 
tance must be prepared. 

0014. The inventors of the present invention have found 
that a coloring material used in a conventional yellow ink for 
inkjet recording tends to be poor in humidity resistance 
when the coloring material has good color developability, 
while the coloring material tends to be poor in color devel 
opability when the coloring material has good humidity 
resistance. Such tendency is also in correlation with the 
molecular weight of the coloring material. In general, a 
coloring material having a large molecular weight hardly 
moves in a recording medium when the coloring material is 
brought into contact with excessive humidity after the 
coloring material has been fixed to the recording medium. 
As a result, humidity resistance can be improved. Mean 
while, the coloring material having a large molecular weight 
has a structure in which a part not contributing to coloring 
is relatively large, so coloring efficiency per unit mass 
reduces. Therefore, when a coloring material having a large 
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molecular weight and good humidity resistance is to be used, 
color developability must be sacrificed. In other words, 
compatibility between color developability and humidity 
resistance in an ink containing a yellow coloring material 
must be achieved in order to increase the image storage 
stability of an inkjet recorded article to the level of silver 
halide photograph or higher. 
0.015 The inventors of the present invention have made 
the following investigation for pursuing the mechanism with 
which a change in color tone of a recorded article due to 
migration occurs and for preventing the migration itself. To 
be specific, the inventors have made investigation into a 
specific ink composition a recorded article obtained from 
which is found to change its color tone owing to migration. 
As a result, the inventors have found that the occurrence of 
migration largely depends on the presence or absence of a 
specific water-soluble organic solvent. That is, the inventors 
have confirmed that migration occurs when a water-soluble 
organic solvent remaining in a recorded article absorbs 
moisture in the air in a high-temperature-and-high-humidity 
environment. 

0016. The present invention has been made on the basis 
of the foregoing findings, and the inventors of the present 
invention have paid attention to an image formed on a 
recording medium, paid attention to a difference between a 
component of an ink before the image formation and a 
water-soluble organic solvent component remaining in the 
recording medium after the image formation, and pursued 
the respective properties of a water-soluble organic solvent 
in the ink. As a result, the inventors of the present invention 
have found the mechanism with which a change in color 
tone due to migration occurs from a difference between 
properties of the water-soluble organic solvent remaining in 
a recorded article. Then, the inventors have judged that a 
change in color tone due to migration largely depends on the 
total amount of a water-soluble organic solvent remaining in 
a recorded article and the property with which the water 
soluble organic solvent Substantially contains water mol 
ecules. The inventors have made extensive studies about this 
point, thereby completing the present invention. 
0017. As described above, the inventors of the present 
invention have found that migration is caused by an inter 
action between the humidity resistance of a coloring mate 
rial and a water-soluble organic solvent. 
0018. Therefore, a major object of the present invention 

is to provide a novel technique for Suppressing a change in 
color tone due to migration by paying attention to the 
amount of a water-soluble organic Solvent present in a 
recorded article on the basis of the foregoing finding. 
0019. Another object of the present invention is to pro 
vide an ink excellent in humidity resistance and properties as 
an inkjet ink Such as start up ejection stability. 
0020. Another object of the present invention is to pro 
vide an ink excellent in humidity resistance, start up ejection 
stability, image density, and color tone. 
0021. The above objects are achieved by the present 
invention described below. That is, according to one aspect 
of the present invention, there is provided an inkjet ink, 
comprising at least a coloring material and water-soluble 
organic solvent, characterized in that the inkjet ink satisfies 
the following conditions (A) and (B): 
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0022 (A) A color difference AE judged by means of a 
method of judging properties of a coloring material includ 
ing the following steps (1) to (3) is 9 or less, 
0023 (1) A step involving: applying a model ink com 
prising the coloring material, water, and a water-soluble 
organic solvent having an evaporation rate X (mass %) 
Smaller than the evaporation rate of water and a moisture 
absorptivity Y (mass %) which is 20 or more and satisfies a 
relationship of Ye2.8X--10; and applying a clear ink pre 
pared by replacing only the coloring material of the model 
ink with water in such a manner that the amount of the model 
ink is smaller than that of the clear ink, 
0024 (2) A step involving: leaving a recorded article 
obtained in the step (1) in an environment having a tem 
perature of 25°C. and a humidity of 60% for 48 hours; and 
Subsequently leaving the recorded article in an environment 
having a temperature of 30° C. and a humidity of 80% for 
168 hours, 
0025 (3) A step of judging the color difference (AE) 
represented by the following expression (1) between the 
recorded article before the leaving for 168 hours and the 
recorded article after the leaving for 168 hours, 

(In the expression (1), L., a, and b represent L., a, and b of 
an Lab calorimetric system after the leaving for 48 hours and 
before the leaving for 168 hours, respectively, and L, a 
and be represent L., a, and b of the Lab calorimetric system 
after the leaving for 168 hours, respectively.) 
0026 (B) The content of a water-soluble organic solvent 
in which the evaporation rate X (mass %) and the moisture 
absorptivity Y (mass %) satisfy a relationship represented by 
the following expression (2) in all the water-soluble organic 
solvents in the ink is 50 mass % or more. 

Ys 2.8X-10 (2) 

(In the expression (2), X represents an evaporation rate and 
Y represents a moisture absorptivity.) 
0027 According to another aspect of the present inven 
tion, there is provided an inkjet recording method, com 
prising ejecting an ink by inkjet method, characterized in 
that the ink is the above-described inkjet ink. 
0028. According to another aspect of the present inven 
tion, there is provided an ink cartridge including an ink 
storage portion for storing an ink, characterized in that the 
ink is the above-described inkjet ink. 
0029. According to another aspect of the present inven 
tion, there is provided a recording unit including an ink 
storage portion for storing an ink and a recording head for 
ejecting the ink, characterized in that the ink is the above 
described inkjet ink. 
0030. According to another aspect of the present inven 
tion, there is provided an inkjet recording apparatus includ 
ing an ink storage portion for storing an ink and a recording 
head for ejecting the ink, characterized in that the ink is the 
above-described inkjet ink. 
0031. According to the present invention, there can be 
provided: an inkjet yellow ink which satisfies color devel 
opability requested for inkjet ink and has high humidity 
resistance even when letters are printed by means of the ink 
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on various recording media; and an ink jet recording 
method, a recording unit, an ink cartridge, and an inkjet 
recording apparatus each using the ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 is a graph showing a relationship between 
an evaporation rate and a moisture absorptivity in the 
present invention. 
0033 FIG. 2 is a perspective view of a recording appa 
ratuS. 

0034 FIG. 3 is a perspective view of a mechanism, 
portion of the recording apparatus. 
0035 FIG. 4 is a sectional view of the recording appa 
ratuS. 

0.036 FIG. 5 is a perspective view showing a state where 
an ink tank is mounted on a head cartridge. 
0037 FIG. 6 is an exploded perspective view of the head 
cartridge. 
0038 FIG. 7 is a front view showing a recording element 
Substrate in the head cartridge. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0039 Hereinafter, the present invention will be described 
in more detail by way of preferred embodiments. 
0040. In the present invention, when a compound is a 
salt, the salt is dissociated to ions in ink, but this state is 
represented by using the phrase “contains a salt for con 
venience. 

0041) <Inki> 
0042. The inventors of the present invention have 
revealed that migration results from an interaction between 
the humidity resistance of a coloring material and a water 
soluble organic solvent. Hereinafter, a component constitut 
ing the ink according to the present invention and the like 
will be described in detail. 

0043 (Coloring Material) 
0044) The inkjet ink according to the present invention 
(which may hereinafter be simply referred to as the “ink”) 
must contain a coloring material having a color difference 
(AE) judged by means of a method of judging properties of 
a coloring material to be described later of 9 or less. 
0045 Method of Judging Properties of Coloring Mate 
rial 
0046) The method of judging properties of a coloring 
material in the present invention includes the above-de 
scribed steps (1) to (3). Those steps will be described in 
more detail by dividing them into the following steps (a) to 
(g). 

0047 (a) Preparation of Model Ink and Clear Ink 
0.048 Prepared are a model ink containing a coloring 
material, water, and a water-soluble organic solvent having 
an evaporation rate X (mass %) smaller than that of water 
and a moisture absorptivity Y (mass %) which is 20 mass % 
or more and satisfies a relationship of Ye2.8X--10, or 
preferably Ys 2.8X--10 (the technical meaning of Ye2.8X-- 
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10 will be described later), and a clear ink prepared by 
replacing the coloring material in the above composition 
with water. With the composition, the ink has a condition 
under which migration tends to occur. It is important for the 
composition to satisfy the above condition because the 
composition aims at judging the properties (especially 
humidity resistance) of a coloring material. 

0049. The evaporation rate X (mass %) in the present 
invention is determined by: placing 5 g of a water-soluble 
organic solvent into a dish having an outer diameter of 31 
mm and a height of 15 mm; leaving the dish to stand still in 
an environment having a temperature of 60° C. and a 
humidity of 10% for 192 hours; measuring the mass of the 
water-soluble organic solvent again; and determining the 
evaporation rate from the reduced mass of the water-soluble 
organic solvent. The moisture absorptivity Y (mass %) is 
determined by: placing 5 g of a water-soluble organic 
Solvent into a dish having an outer diameter of 31 mm and 
a height of 15 mm; leaving the dish to stand still in an 
environment having a temperature of 30° C. and a humidity 
of 80% for 192 hours; measuring the mass of the water 
soluble organic solvent again; and determining the moisture 
absorptivity from the increased mass of the water-soluble 
organic solvent. 
0050 A specific example of the composition of a model 
ink includes the following composition. A model ink was 
prepared according to the following composition by using 
glycerin and urea as water-soluble organic solvents, Acety 
lenol E-100 (manufactured by Kawaken Fine Chemicals 
Co., Ltd.) as a surfactant, and C.I. Direct Yellow 132 as a 
coloring material. Table 1 shows the evaporation rate X 
(mass %) and moisture absorptivity (mass %) of each of 
glycerin and urea, and the evaporation rate X (mass %) of 
water (pure water). Table 1 below shows that each of 
glycerin and urea corresponds to a water-soluble organic 
Solvent having an evaporation rate Smaller than that of water 
and a moisture absorptivity of 20 mass % or more. 

TABLE 1. 

Evaporation Moisture 
Composition rate absorptivity 
mass % mass % mass % 

Glycerin 1O.O O.O 66.9 
Urea 1O.O O.1 86.O 
Acetylenol 1.O 
E-100 
C.I. Direct 3.0 
Yellow 132 
Pure water 76.O 1OOO 

0051 (b) Creation of Image for Evaluation 
0052 The model ink and the clear ink thus prepared are 
Superimposed to create an image for evaluation. Although 
the image may have an arbitrary printing duty, it is important 
to Superimpose the model ink and the clear ink. This is 
because, in general, printing is seldom performed by means 
of one kind of ink alone in consideration of the state of a 
recorded article in an actual environment. In other words, it 
can be said that migration occurs in a situation where 
multiple inks are present. Therefore, it is important to create 
an image for evaluation by Superimposing a model ink and 
a clear ink in order to reproduce the situation. Furthermore, 
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the amount of the model ink to be applied is preferably 
smaller than that of the clear ink. This is because, when an 
image for evaluation is created by Superimposing a model 
ink and a clear ink under the above-described condition, the 
amount of a water-soluble organic solvent to be applied with 
respect to a coloring material increases on a recording 
medium, with the result that migration is more likely to 
occur. This approach enables a difference in property (espe 
cially humidity resistance) between coloring materials to be 
represented with improved clarity, so the properties (espe 
cially humidity resistance) of a target coloring material can 
be judged with improved clarity. In the present invention, the 
above model ink and the above clear ink were used, and each 
of them was changed in the duty range of 5 to 100% in an 
increment of 5% to create an image for evaluation in which 
the model ink and the clear ink were Superimposed. 
0053. In the present invention, the evaluation of a color 
ing material for properties (especially humidity resistance) 
does not require a specific recording apparatus or recording 
medium. The shapes of a recording apparatus and a record 
ing medium are not limited as long as the recording appa 
ratus applies ink to the recording medium and the recording 
medium can receive the ink. A specific example of Such 
recording apparatus includes a recording apparatus includ 
ing: an ink storage portion for storing ink; and a recording 
head for ejecting the ink. 
0054 (c) Creation of Image for Evaluation in Initial 
Standard State 

0055. The evaporation of each of the water-soluble 
organic solvent and water present in the image for evaluation 
thus created is promoted. The image for evaluation is left in 
an environment having a temperature of T. C. and a 
humidity of H% for a certain period of time to promote the 
evaporation of each of the water-soluble organic solvent and 
water present in the image for evaluation. As a result, an 
image for evaluation in an initial standard State can be 
created. It is important to reduce the absolute water content 
of the environment in which the image for evaluation is 
placed in order to promote the evaporation of each of the 
water-soluble organic solvent and water in the image for 
evaluation. 

0056 Although it is important to leave the image for 
evaluation in an initial standard State in the environment 
having a temperature of T. C. and a humidity of H% for 
a certain period of time, the period may be arbitrary. To be 
specific, the period is preferably such that the evaporation of 
each of the water-soluble organic solvent and water from 
inside the image for evaluation is reduced and the mass of 
the image for evaluation becomes constant. For example, the 
inventors have confirmed that the evaporation of each of the 
water-soluble organic solvent and water from inside the 
image for evaluation reaches Substantial equilibrium in 48 
hours and the mass of the image for evaluation becomes 
constant in an environment having a temperature of T=25° 
C. and a humidity of H=60%, the temperature and the 
humidity being selected by assuming the state of a recorded 
article in an actual environment. 

0057 When the image for evaluation is left for shorter 
than 48 hours, the evaporation of each of the water-soluble 
organic solvent and water does not reach equilibrium, and 
hence the water-soluble organic Solvent or water is expected 
to remain in the image for evaluation. As a result, the initial 

May 18, 2006 

standard state is not stabilized, and there is a possibility that 
the state of occurrence of migration changes and the accu 
racy of judgment of humidity resistance reduces. When the 
image for evaluation is left for longer than 48 hours, the 
initial standard state can be stabilized, but the evaporation of 
each of the water-soluble organic solvent and water from 
inside the image for evaluation is expected to be additionally 
promoted. As a result, the amount of a water-soluble organic 
Solvent remaining in the image for evaluation, the water 
soluble organic solvent being expected to result in migra 
tion, reduces and the amount of a water-soluble organic 
Solvent capable of absorbing moisture reduces. Accordingly, 
there is a possibility that migration hardly tends to occur. In 
view of the foregoing reasons, the image for evaluation is 
preferably left in the environment having a temperature of 
T=25° C. and a humidity of H=60% for 48 hours. Under 
the above condition, the evaporation of each of the water 
soluble organic solvent and water in keeping with the state 
of a recorded article in an actual environment is expected to 
be realized. It should be noted that the absolute water 
content present in the environment having a temperature of 
25° C. and a humidity of 60% is about 13.8 g/m. 
0058 (d) Measurement of Color Tone of Image for 
Evaluation in Initial Standard State 

0059) The color tone (CIE-Lab values) of the image for 
evaluation in the initial standard State thus created is mea 
Sured. This measurement intends to numerically grasp the 
color tone of the image for evaluation in the initial standard 
state left for a certain period of time. In the present inven 
tion, the color tone of the image for evaluation in the initial 
standard State was measured by means of a spectrophotom 
eter (trade name: Spectrolino; manufactured by Gretag Mac 
beth). 
0060 (e) Creation of Image for Evaluation after Accel 
eration Test 

0061 The image for evaluation in the initial standard 
state thus created is left in a (high-temperature-and-high 
humidity) environment having a temperature of T. C. and 
a humidity of H% to cause migration to occur at an 
increasingly fast rate, thereby creating an image for evalu 
ation after an acceleration test. The temperature and the 
humidity at the time of acceleration are arbitrary, provided 
that T-T and H-H. That is, it is important to increase the 
absolute water content present in the environment by setting 
a higher temperature and a higher humidity. In general, 
migration is considered to occur when a water-soluble 
organic solvent present in a recorded article absorbs mois 
ture. Accordingly, it is important to promote the occurrence 
of migration by increasing the absolute water content 
present in the environment in which the image for evaluation 
is placed. To be specific, the temperature T.C. is preferably 
30° C. or higher and the humidity H% is preferably 80% or 
higher because the absolute water content present in the 
environment in which the image for evaluation is placed can 
be increased. In the present invention, in view of the 
conditions of a recording apparatus and a recorded article in 
an actual environment, the temperature T. C. and the 
humidity H% are set to 30° C. and 80%, respectively. As a 
result, a condition under which migration may occur in a 
recorded article when an actual user uses a recording appa 
ratus is reproduced. It should be noted that the absolute 
water content present in the environment having a tempera 
ture of 30° C. and a humidity of 80% is about 24.3 g/m. 



US 2006/01 03705 A1 

0062) The time period during which the image for evalu 
ation is left in the (high-temperature-and-high-humidity) 
environment having a temperature of T. C. and a humidity 
of H% is set by chronologically following a change in color 
tone of the image for evaluation. To be specific, a change in 
color tone of the image for evaluation from the initial 
standard State is recorded, and the point at which a rate of 
change reduces is preferably set to be the time period during 
which the image for evaluation in the initial standard State is 
left in the (high-temperature-and-high-humidity) environ 
ment having a temperature of T.C. and a humidity of H%. 
More preferably, the point at which nearly no change in 
color tone is observed is set to be an appropriate time period 
during which the image for evaluation in the initial standard 
state is left in the (high-temperature-and-high-humidity) 
environment having a temperature of T. C. and a humidity 
of H%. For example, a rate of change in color tone will 
reduce in an environment having a temperature of T=30°C. 
and a humidity of H=80% in 96 hours, and nearly no 
change in color tone will be observed in the environment in 
168 hours. Therefore, it is important to leave the image for 
evaluation in the initial standard State in the (high-tempera 
ture-and-high-humidity) environment having a temperature 
of T. C. and a humidity of H% for 96 hours or longer in 
order to evaluate migration. More preferably, the image for 
evaluation in the initial standard state is left in the (high 
temperature-and-high-humidity) environment having a tem 
perature of T. C. and a humidity of H% for 168 hours or 
longer because a change in color tone shows a nearly 
constant value, so a difference in property (especially 
humidity resistance) between coloring materials can be 
judged with improved accuracy. In view of the foregoing 
reasons, the image for evaluation is preferably left in the 
environment having a temperature of T=30° C. and a 
humidity of H=80% for 168 hours. 
0063 (f) Measurement of ColorTone of Image for Evalu 
ation after Acceleration Test 

0064. The color tone (CIE-Lab values) of the image for 
evaluation after the acceleration test thus created is mea 
Sured. This measurement intends to numerically grasp the 
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0065 (g) Calculation of Color Difference (AE) 
0066. The color difference (AE) was calculated on the 
basis of the following expression (1) from the color tone 
(CIE-Lab values) of the image for evaluation in the initial 
standard State measured in the above (d) and the color tone 
(CIE-Lab values) of the image for evaluation after the 
acceleration test measured in the above (f). 
0067 Values of Lab in a CIE-Lab color space of the 
image for evaluation in the initial standard State=(L., a, b) 
0068 Values of Lab in the CIE-Lab color space of 
the image for evaluation after the acceleration test=(L, a 
b) 

0069. The color difference (AE) calculated on the basis of 
the expression (1) represents an amount of change in color 
tone. Therefore, the larger the color difference (AE), the 
larger the change in color tone. In other words, a larger color 
difference (AE) means that migration tends to occur, so the 
degree of migration can be numerically represented by 
means of the color difference (AE). 
0070. In the present invention, the following procedure is 
essential. Each coloring material is evaluated for properties 
(especially humidity resistance) by means of the above 
described method of judging properties of a coloring mate 
rial, the color differences (AE) AE1, AE2. . . . in the 
respective images for evaluation created by means of the 
respective coloring materials are calculated, and a coloring 
material having the maximum color difference (AE) out of 
the calculated color differences of 9 or less is used. 

0071 (Coloring Material Represented by General For 
mula (I)) 
0072 Another embodiment of the present invention is 
characterized in that the coloring material having a color 
difference (AE) judged by means of the method of judging 
properties of a coloring material of 9 or less is a compound 
represented by the following general formula (I) or a salt 
thereof. 

General formula (I) 

(SOM) 

color tone of the image for evaluation after the acceleration 
test. To be specific, the color tone of the image for evaluation 
after the acceleration test was measured by means of a 
spectrophotometer (trade name: Spectrolino; manufactured 
by Gretag Macbeth) in the same manner as that of the above 
(d). 

(In the general formula (I), M's each independently repre 
sent a hydrogen atom, an alkali metal, an alkali earth metal, 
a cation of organic amine or an ammonium ion, and n’s each 
independently represent 1 or 2.) 
0073 Specific examples of the coloring material repre 
sented by the general formula (I) include compounds having 
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structures shown in Table 2 below. Of course, the present 
invention is not limited to them. In Table 1, for convenience, 
the Substitution position of a Sulfone group is represented by 
means of an A ring or a B ring as shown in the following 
general formula (II). The substitution position of a sulfone 
group is as defined in the following general formula (II). 

0074 (In the general formula (II), M's each indepen 
dently represent a hydrogen atom, an alkali metal, an alkali 
earth metal, a cation of organic amine or an ammonium ion, 
and n’s each independently represent 1 or 2.) 

TABLE 2 

Position of substituent 

A ring Bring 

Exemplified 
Compound 

4, 6 
4, 6 

0075) A preferable specific example of the coloring mate 
rial represented by the general formula (I) includes Exem 
plified Compound 1 below. Of course, the present invention 
is not limited to it. 

NaOS SONa 
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represented by the general formula (I) and C.I. Direct Yellow 
132 are particularly preferable as such coloring materials. 
Accordingly, another embodiment of the present invention is 
characterized in that C.I. Direct Yellow 132 is incorporated 
as a coloring material in addition to the coloring material 
represented by the general formula (I). 

General formula (II) 

(SOM). 

0078 Content of Coloring Material 
0079 The content of a coloring material in the inkjet ink 
according to the present invention is preferably 1.0 mass % 
or more and 4.0 mass % or less with respect to the total mass 
of the ink. When the content of a coloring material is smaller 
than 1.0 mass %, effects of the present invention such as 
color developability and humidity resistance cannot be suf 
ficiently obtained in some cases. When the content of a 
coloring material exceeds 4.0 mass %, reliability Such as 
start up ejection stability and other inkjet properties may 
reduce. 

0080. In addition, the content of the coloring material 
represented by the general formula (I) is preferably 10 mass 
% or more with respect to the total content of all the coloring 
materials in the ink in order to sufficiently obtain the effects 
of the present invention. When C.I. Direct Yellow 132 is 
used in combination, its content is preferably 10 mass % or 
more with respect to the total content of the coloring 

Exemplified Compound 1 

SONa 

NaOS 
au3 2N N 

N CHFCH NEN N 
N / \ le 

N N 

0.076 Coloring Material except Coloring Material Rep 
resented by General Formula (I) 

0077. In the present invention, two or more kinds of 
coloring materials are preferably used for additionally 
increasing an image density, for obtaining a more preferable 
color tone, and for other purposes. The coloring material 

materials in the ink. Furthermore, a ratio of the content of the 
coloring material represented by the general formula (I) to 
the content of C.I. Direct Yellow 132 (the content of the 
coloring material represented by the general formula (I): the 
content of C.I. Direct Yellow 132) is in the range of 0.5:5 to 
2:5 in mass ratio. An excessively small content of the 
coloring material represented by the general formula (I) 
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makes it difficult to obtain a significant effect of the present 
invention, while an excessively large content of the coloring 
material tends to reduce an image density. 
0081 Method of Testing Coloring Material 
0082) Exemplified Compound 1, which is an example of 
the coloring material to be used in the present invention, can 
be tested by the following methods (1) to (3) each of which 
involves the use of high performance liquid chromatography 
(HPLC). 

0083 (1) Retention time of the peak 
0084 (2) Maximum absorption wavelength in the peak of 
(1) 
0085 (3) M/Z (posi, nega) of mass spectrum in the peak 
of (1) 
0.086 Analysis conditions for high performance liquid 
chromatography are as shown below. An ink solution diluted 
1,000 times with pure water is analyzed by means of high 
performance liquid chromatography under the following 
conditions to measure the retention time of a main peak and 
the maximum absorption wavelength of a peak. 

0087 Column: Symmetry C18 2.1 mmx 150 mm 
0088 Column temperature: 40° C. 

0089 Flow rate: 0.2.ml/min 
0090 PDA: 210 nm to 700 nm 
0.091 Mobile phase and gradient condition: Table 3 

TABLE 3 

0–5 min 5–40 min 40–45 min 

A Water 85% 85%-s0% O% 
B Methanol 10% 10%-95% 95% 
C 0.2-moll aqueous 59% 59% 59 
solution of ammonium 
acetate 

0092. In addition, analysis conditions for a mass spec 
trum areas shown below. The mass spectrum of the resultant 
peak is measured under the following conditions, and the 
most strongly detected M/Z is measured for each of posi and 
nega. 

Ionization method 

ESI Capillary voltage 3.5 kV 
Desolvating gas 300° C. 
Ion source temperature 120° C. 

Detector posi 40 V 200–1,500 amu? O.9 sec 
nega 40 V 200–1,500 amu? O.9 sec 

0093 Table 4 shows the values of the retention time, 
maximum absorption wavelength, M/Z (posi), and M/Z 
(nega) of each of Exemplified Compound 1 and C.I. Direct 
Yellow 132. When a coloring material has a value shown in 
Table 4, the coloring material can be judged to be a coloring 
material used in the present invention. 
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TABLE 4 

Maximum 
Retention absorption 

time wavelength MAZ 

min nm. Posi Nega 

Exemplified 31-32 390 410 938 939 468-469 
Compound 1 
C.I. Direct 33-34 390 410 640-641 319-320 
Yellow 132 

0094 (Water-Soluble Organic Solvent) 
0095 Water-soluble organic solvents to be used in the ink 
of the present invention must be such that the content of a 
water-soluble organic solvent in which the evaporation rate 
X (mass %) and the moisture absorptivity Y (mass %) satisfy 
the relationship represented by the following expression (2) 
with respect to the total content of the water-soluble organic 
solvents in the ink is 50 mass % or more. 

0096 Migration is considered to occur when a water 
soluble organic solvent present in a recorded article absorbs 
moisture. Therefore, migration can be suppressed by incor 
porating a certain amount or more of a water-soluble organic 
Solvent which readily evaporates and has a low moisture 
absorptivity into ink. However, ink containing only a water 
soluble organic solvent which readily evaporates and has a 
low moisture absorptivity tends to be problematic in terms 
of adhesion at the tip of a nozzle, start up ejection stability, 
and the like. In the present invention, ink with Suppressed 
migration, Suppressed adhesion at the tip of a nozzle, and, 
for example, excellent start up ejection stability can be 
obtained when a water-soluble organic solvent satisfies the 
above constitution. 

Ys 2.8X-10 (2) 

(In the expression (2), X represents an evaporation rate and 
Y represents a moisture absorptivity.) 

0097. The evaporation rate X (mass %) in the present 
invention is determined by: placing 5 g of a water-soluble 
organic solvent into a dish having an outer diameter of 31 
mm and a height of 15 mm; leaving the dish to stand still in 
an environment having a temperature of 60° C. and a 
humidity of 10% for 192 hours; measuring the mass of the 
water-soluble organic solvent again; and determining the 
evaporation rate from the reduced mass of the water-soluble 
organic solvent. The moisture absorptivity Y (mass %) is 
determined by: placing 5 g of a water-soluble organic 
Solvent into a dish having an outer diameter of 31 mm and 
a height of 15 mm; leaving the dish to stand still in an 
environment having a temperature of 30° C. and a humidity 
of 80% for 192 hours; measuring the mass of the water 
soluble organic solvent again; and determining the moisture 
absorptivity from the increased mass of the water-soluble 
organic solvent. FIG. 1 is a graph showing a relationship 
between the evaporation rate and moisture absorptivity of 
each water-soluble organic solvent calculated by means of 
the above method. In the figure, Gly, DEG, PEG, 2P, 15PD, 
16HD, 126HT. Urea, and EtUrea represent glycerin, dieth 
ylene glycol, polyethylene glycol, 2-pyrrolidone, 1,5-pen 
tanediol, 1.6-hexanediol. 1.2.6-hexanetriol, urea, and ethyl 
ene urea, respectively. 
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0.098 Ink containing each of the above respective water 
soluble organic solvents was prepared, and the following 
experiment was performed. A model ink was prepared, 
which contained 3 mass % of C.I. Direct Yellow 132, 20 
mass % of each water-soluble organic Solvent, and 0.5 mass 
% of Acetylenol E-100 (manufactured by Kawaken Fine 
Chemicals Co., Ltd.) as a Surfactant, the balance being 
water. Separately from the model ink, a clear ink was 
prepared by replacing the coloring material with water. Each 
of the resultant model ink and the resultant clear ink was 
changed in the duty range of 0 to 100% to create a recorded 
article having formed thereon an image in which the model 
ink and the clear ink were superimposed. A PIXUS 950i 
(manufactured by CANON Inc.) as an inkjet printer and a 
super photo paper (SP-101; manufactured by CANON Inc.) 
as a recording medium were used for creating the recorded 
article. 

0099. The resultant recorded article was left in a (normal 
temperature-and-normal-humidity) environment having a 
temperature of 25° C. and a humidity of 60% for 48 hours 
to cause the water-soluble organic solvent and water to 
evaporate from the recording medium. The color tone (CIE 
Lab values) after the leaving in the environment having a 
temperature of 25° C. and a humidity of 60% for 48 hours 
was measured by means of a spectrophotometer (trade 
name: Spectrorino; manufactured by Gretag Macbeth) to 
determine the values of Lab. After that, the resultant 
recorded article was left in a (high-temperature-and-high 
humidity) environment having a temperature of 30° C. and 
a humidity of 80% for 168 hours to cause the water-soluble 
organic solvent to migrate. The color tone (CIE-Lab 
values) after the leaving in the environment having a tem 
perature of 30° C. and a humidity of 80% for 168 hours was 
measured by means of the same spectrophotometer as that 
described above to determine the values of Lab after the 
migration of the water-soluble organic solvent. The maxi 
mum color difference (AE) was determined from the 
obtained results. It can be said that the larger the color 
difference (AE), the larger a change in color tone in a 
high-temperature-and-high-humidity environment and the 
lower the humidity resistance. 
0100. The above experimental results, and the relation 
ship between the evaporation rate and moisture absorptivity 
of each water-soluble organic solvent showed that there is a 
correlation between the evaporation rate and the moisture 
absorptivity. 

0101 Migration refers to image deterioration due to a 
change in color tone in, for example, a high-temperature 
and-high-humidity environment. Therefore, the lower the 
color difference caused by an environment, the better the 
migration property of the water-soluble organic solvent. A 
water-soluble organic solvent having good migration prop 
erty, that is, good humidity resistance has a characteristic in 
that the solvent readily evaporates and hardly absorbs mois 
ture. In other words, a water-soluble organic solvent having 
better migration property shows a smaller color difference 
(AE). 

AESS.S 

AE>5.5 

0102) In general, an image having a color difference (AE) 
of 5.5 or less is preferable because no change in color tone 
due to migration occurs even in a high-temperature-and 
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high-humidity environment. In contrast, an image having a 
color difference (AE) of larger than 5.5 shows a remarkable 
change in color tone due to migration in a high-temperature 
and-high-humidity environment, to thereby deteriorate. The 
expression (2) is obtained by finding the relationship among 
the migration of each water-soluble organic solvent, and the 
evaporation rate and moisture absorptivity of the solvent on 
the basis of the above criterion. That is, in FIG. 1, a 
water-soluble organic solvent on the right side with respect 
to the line of Y=2.8X+10 has a color difference (AE) of 5.5 
or less. 

0103) In general, a water-soluble organic solvent (poor 
Solvent) having low solubility for a coloring material can 
also be used for improving humidity resistance. However, 
none of the coloring materials to be used in the present 
invention showed a relationship between migration and the 
solubility of the coloring material in a water-soluble organic 
solvent. That is, not the solubility of a coloring material to 
be used in the present invention in a water-soluble organic 
solvent but the evaporation rate and moisture absorptivity of 
a water-soluble organic solvent in ink hold a dominant 
position in the improvement of the humidity resistance of 
the coloring material to be used in the present invention. 
0.104 Specific examples of the water-soluble organic 
Solvent satisfying the relationship represented by the expres 
sion (2) include ethylene glycol, diethylene glycol, 2-pyr 
rolidone, 1,5-pentanediol, 1.6-hexanediol, ethylene urea, 
N-methyl-2-pyrrolidone, butyl carbitol, and isopropyl alco 
hol. Of those, ethylene glycol, diethylene glycol, 2-pyrroli 
done, 1,5-pentanediol. 1,6-hexanediol, and ethylene urea are 
preferable, and ethylene urea is particularly preferable. 
Ethylene urea, diethylene glycol, and 2-pyrrolidone are 
particularly preferably used in combination for improving 
ink jet properties such as reliability. Any water-soluble 
organic solvent other than those described above may be 
used as long as the solvent satisfies the relationship repre 
sented by the expression (2). 
0105. In the ink according to the present invention, a 
water-soluble organic solvent that does not satisfy the rela 
tionship represented by the expression (2) Such as glycerin, 
urea, or polyethylene glycol can be used to the extent that the 
addition of Such water-soluble organic solvent has an effect, 
and the objects and effects of the present invention are not 
impaired. However, the content of a water-soluble organic 
Solvent satisfying the relationship represented by the expres 
sion (2) with respect to the total content of the water-soluble 
organic solvents in the ink must be 50 mass % or more in 
order to sufficiently obtain the effects of the present inven 
tion. The content of a water-soluble organic Solvent satis 
fying the relationship represented by the expression (2) with 
respect to the total content of the water-soluble organic 
solvents in the ink is preferably 65 mass % or more because 
the effects of the present invention are efficiently exerted. 
0106. In the present invention, the content of a water 
soluble organic solvent satisfying the relationship repre 
sented by the expression (2) with respect to the total mass of 
all the water-soluble organic solvents in the ink is 50 mass 
% or more. When the content of a water-soluble organic 
Solvent satisfying the relationship represented by the expres 
sion (2) is excessively small, a significant effect of the 
present invention cannot be obtained. 
0.107 Meanwhile, the total content of all the water 
soluble organic solvents in the ink is preferably 10 mass % 
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or more and 50 mass % or less with respect to the total mass 
of the ink. When the total content of the water-soluble 
organic solvents is smaller than 10 mass % or exceeds 50 
mass %, inkjet properties such as reliability may deteriorate. 

0108 (Other Additive) 
0109 The ink of the present invention may use moisture 
retaining Solid contents such as urea and a urea derivative as 
ink components as required. 

0110. In addition, the ink of the present invention may be 
added with various additives such as a surfactant, a pH 
adjustor, a rust inhibitor, an antiseptic, an antifungus agent, 
an antioxidant, a reduction inhibitor, an evaporation accel 
erator, a chelating agent, and a water-soluble polymer. 
0111 <Recording Medium> 
0112 Any recording medium can be used for forming an 
image by means of the ink of the present invention as long 
as recording is performed by applying the ink to the record 
ing medium. 
0113. The present invention is applicable to a recording 
medium in which a coloring material Such as a pigment is 
adsorbed to a fine particle forming a porous structure in an 
ink-receiving layer and an image is formed from at least the 
fine particle having adsorbed thereto the coloring material, 
and the present invention is particularly Suitable for the case 
where an inkjet method is used. Such ink jet recording 
medium is preferably of a so-called absorption type in which 
ink is absorbed by a gap formed in an ink-receiving layer on 
a Support. 

0114. An absorption type ink-receiving layer is consti 
tuted as a porous layer mainly composed of a fine particle 
and containing a binder and any other additive as required. 
Specific examples of the fine particle include: inorganic 
pigments such as silica, clay, talc, calcium carbonate, kaolin, 
aluminum oxide (for example, alumina or alumina hydrate), 
diatomaceous earth, titanium oxide, hydrotalcite, and Zinc 
oxide; and organic pigments such as a urea formalin resin, 
an ethylene resin, and a styrene resin. One or more kinds of 
them are used. Examples of a binder that is suitably used 
include a water-soluble polymer and a latex. Examples of an 
available binder include: polyvinyl alcohol or a denatured 
product thereof; starch or a denatured product thereof; 
gelatin or a denatured product thereof: gum arabic; cellulose 
derivatives such as carboxymethylcellulose, hydroxyethyl 
cellulose, and hydroxyproylmethylcellulose; vinyl-based 
copolymer latexes such as an SBR latex, an NBR latex, a 
methyl methacrylate-butadiene copolymer latex, a func 
tional group-denatured polymer latex, and an ethylene-vinyl 
acetate copolymer, polyvinyl pyrrolidone; maleic anhydride 
or a copolymer thereof, and an acrylate copolymer. Two or 
more kinds of them can be used in combination as required. 
In addition, an additive may be used, and examples of an 
additive to be used as required include a dispersant, a 
thickener, a pH adjustor, a lubricant, a fluidity denaturing 
agent, a surfactant, a defoaming agent, a releasing agent, a 
fluorescent bleach, a UV absorber, and an antioxidant. 
0115) In particular, a recording medium having formed 
thereon an ink-receiving layer mainly composed of fine 
particles having an average particle size of 1 um or less is 
preferably used in the present invention. Particularly pref 
erable examples of the fine particles include silica fine 
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particles and aluminum oxide fine particles. Preferable silica 
fine particles are silica fine particles typified by colloidal 
silica. Colloidal silica, which itself is available from the 
market, is particularly preferably that described in JP 
2803134 B or JP 288.1847 B. Preferable aluminum oxide 
fine particles are alumina hydrate fine particles and the like. 
An alumina hydrate represented by the following general 
formula can be exemplified as one example of Such alumina 
hydrate fine particles. 

(In the formula, n represents an integer of 1, 2, or 3, and m 
represents a value of 0 to 10, or preferably 0 to 5; provided, 
however, that m and n cannot be simultaneously 0. m. may 
be or may not be an integer because mH2O also represents 
an aqueous phase that can desorb and is not involved in the 
formation of an mH2O crystal lattice in many cases. In 
addition, heating Such kind of material may cause m to reach 
0.) 
0116. An alumina hydrate can be produced by means of 
a conventionally known method such as: the hydrolysis of 
aluminum alkoxide or sodium aluminate described in U.S. 
Pat. No. 4,242,271 or U.S. Pat. No. 4,202,870; or a method 
involving adding an aqueous solution of sodium sulfate, 
aluminum chloride, or the like to an aqueous Solution of 
Sodium aluminate or the like to perform neutralization 
described in JP-B57-44605. 

0117 The recording medium preferably has a support for 
Supporting the above-described ink-receiving layer. Any 
Support can be use without any particular limitation as long 
as its ink-receiving layer can be formed of the above 
described porous fine particles and the Support provides 
rigidity Such that the ink-receiving layer can be conveyed by 
a conveying mechanism of an inkjet printer or the like. 
Specific examples thereof include: a paper Support formed 
of a pulp raw material mainly composed of natural cellulose 
fibers; a plastic Support composed of a material Such as 
polyester (for example, polyethylene terephthalate), cellu 
lose triacetate, polycarbonate, polyvinyl chloride, polypro 
pylene, or polyimide; resin-coated paper (for example, RC 
paper) having, on at least one side of base paper, a polyolefin 
resin coating layer added with a white pigment or the like. 

0118 <Ink Sets 
0119) The ink of the present invention can also be pref 
erably used even when the ink is combined with any other 
ink to provide an ink set. The ink set in the present invention 
refers to a state where the ink of the present invention is used 
in combination with another ink Such as cyan ink, magenta 
ink, yellow ink, or black ink. The other ink that can be 
combined to provide an ink set is not limited. The ink set in 
the present invention also includes the case where multiple 
ink tanks are combined and used as well as an ink tank itself 
having multiple ink tanks integrated with each other. The ink 
set further includes an integrated product of the ink tank and 
a recording head. 

0120 <Ink Jet Recording Methodd 
0121 The ink according to the present invention is par 
ticularly suitably used for an ink jet recording method 
including the step of ejecting the ink by means of an inkjet 
method. Examples of the inkjet recording method include a 
recording method involving applying mechanical energy to 
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ink to eject the ink and a recording method involving 
applying thermal energy to ink to eject the ink. An inkjet 
recording method involving the use of thermal energy is 
particularly preferably used in the present invention. 
0122 <Ink Cartridges 
0123. An example of an ink cartridge suitable for per 
forming recording by means of the ink according to the 
present invention includes an ink cartridge including an ink 
storage portion for storing the ink. 
0124 <Recording United 
0125. An example of a recording unit suitable for per 
forming recording by means of the ink according to the 
present invention includes a recording unit including an ink 
storage portion for storing the ink and a recording head. In 
particular, a recording unit in which the recording head 
applies thermal energy corresponding to a recording signal 
to the ink to generate an ink droplet by virtue of the energy 
can be exemplified. 
0126 <Ink Jet Recording Apparatus.> 
0127. An example of a recording apparatus suitable for 
performing recording by means of the ink according to the 
present invention includes a recording apparatus in which 
thermal energy corresponding to a recording signal is 
applied to ink in the chamber of a recording head having an 
ink storage portion for storing the ink to generate an ink 
droplet by virtue of the energy. 

0128. Hereinafter, the schematic constitution of a mecha 
nism portion of an ink jet recording apparatus will be 
described. A recording apparatus main body is constituted 
by a sheet feeding portion, a sheet conveying portion, a 
carriage portion, a sheet discharge portion, and a cleaning 
portion, and an external packaging portion for protecting 
them and providing them with design to achieve a role of 
each mechanism. Hereinafter, the outline of each of them 
will be described. 

0129 FIG. 2 is a perspective view of a recording appa 
ratus. FIGS. 3 and 4 are views for explaining the internal 
mechanism of a recording apparatus main body. FIG. 3 is a 
perspective view seen from an upper right portion, and FIG. 
4 is a side sectional view of the recording apparatus main 
body. 

0130. When a sheet is to be fed in the recording appara 
tus, only a predetermined number of recording media are 
sent to a nip portion composed of a sheet feeding roller 
M2080 and a separating roller M2041 in the sheet feeding 
portion including a sheet feeding tray M2060. The sent 
recording media are separated at the nip portion, and only 
the uppermost recording medium is conveyed. The record 
ing medium sent to the sheet conveying portion is guided by 
a pinch roller holder M3000 and a paper guide flapper 
M3030 to be sent to a roller pair composed of a conveying 
roller M3060 and a pinch roller M3070. The roller pair 
composed of the conveying roller M3060 and the pinch 
roller M3070 are rotated by the driving of an LF motor 
E0002, and the rotation causes the recording medium to be 
conveyed on a platen M3040. 

0131. In the carriage portion, when an image is to be 
formed on a recording medium, a recording head H1001 
(FIG. 5) is arranged at a target image forming position, and 
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ink is ejected to the recording medium in accordance with a 
signal from an electrical substrate E0014. Details about the 
constitution of the recording head H1001 will be described 
later. While recording is performed by the recording head 
H1001, recording main scanning in which a carriage M4000 
scans in a column direction and Sub Scanning in which a 
recording medium is conveyed in a row direction by the 
conveying roller M3060 are alternately repeated, whereby 
an image is formed on the recording medium. 
0132) Finally, the recording medium on which an image 
has been formed is sandwiched at a nip between a first sheet 
discharge roller M3110 and a spur M3120 in the sheet 
discharge portion, conveyed, and discharged to a sheet 
discharge tray M3160. 
0133. In the cleaning portion, when a pump M5000 is 
allowed to act in a state where a cap M5010 is brought into 
close contact with an ink ejection port of the recording head 
H1001 for the purpose of cleaning the recording head H1001 
before and after image recording, unnecessary ink and the 
like are sucked from the recording head H1001. The ink 
remaining in the cap M5010 is sucked with the cap M5010 
opened, whereby neither adhesion of the remaining ink nor 
a Subsequent harmful effect occurs. 
0.134 (Constitution of Recording Head) 
0135) The constitution of a head cartridge H1000 will be 
described. The head cartridge H1000 includes the recording 
head H1001, means for mounting ink tanks H1900, and 
means for supplying ink from the ink tanks H1900 to the 
recording head, and is detachably mounted on the carriage 
M4000. 

0.136 FIG. 5 shows how the ink tanks H1900 are 
mounted on the head cartridge H1000. The recording appa 
ratus forms an image by means of yellow, magenta, cyan, 
black, pale magenta, pale cyan, and green inks, so the ink 
tanks H1900 are independently prepared for seven colors. 
The ink according to the present invention is used for at least 
one of the above inks. In addition, as shown in the figure, 
each ink tank is detachable to the head cartridge H1000. The 
ink tanks H1900 can be detached in a state where the head 
cartridge H1000 is mounted on the carriage M4000. 
0.137 FIG. 6 shows an exploded perspective view of the 
head cartridge H1000. In the figure, the head cartridge 
H1000 includes a first recording element substrate H1100, a 
second recording element substrate H1101, a first plate 
H1200, a second plate H1400, an electric wiring substrate 
H1300, a tank holder H1500, a flow path forming member 
H1600, a filter H1700, and a seal rubber H1800. 

0138 Each of the first recording element substrate H1100 
and the second recording element substrate H1101 is an Si 
Substrate having multiple recording elements (noZZles) for 
ejecting ink formed on one surface by means of photoli 
thography. Electric wiring made of Al or the like for 
Supplying power to each recording element is formed by 
means of a film formation technique, and multiple ink flow 
paths corresponding to the individual recording elements are 
also formed by means of photolithography. Furthermore, ink 
Supply ports for Supplying ink to the multiple ink flow paths 
are formed so as to open on the rear Surface. 
0.139 FIG. 7 is an enlarged front view for explaining the 
constitution of each of the first recording element substrate 
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H1100 and the second recording element substrate H1101. 
Reference symbols H2000 to H2600 denote recording ele 
ment trains (which may hereinafter be also referred to as 
nozzle trains) corresponding to different ink colors. The first 
recording element substrate H1100 has nozzle trains for 
three colors: the nozzle train H2000 to which yellow ink is 
supplied, the nozzle train H2100 to which magenta ink is 
supplied, and the nozzle train H2200 to which cyan ink is 
supplied. The second recording element substrate H1101 has 
nozzle trains for four colors: the nozzle train H2300 to which 
pale cyan ink is supplied, the nozzle train H2400 to which 
black ink is supplied, the nozzle train H2500 to which 
orange ink is supplied, and the nozzle train H2600 to which 
pale magenta ink is Supplied. 

0140. Each nozzle train is constituted by 768 nozzles 
arranged at an interval of 1,200 dpi (dot/inch; reference 
value) in the conveying direction of a recording medium, 
and each nozzle ejects about 2 pl of ink. An opening area in 
each nozzle ejection port is set to about 100 um. The first 
recording element substrate H1100 and the second recording 
element substrate H1101 are bonded and fixed to the first 
plate H1200 having formed thereon ink supply ports H1201 
for Supplying ink to the first recording element Substrate 
H1100 and the second recording element substrate H1101. 
0141. The second plate H1400 having openings is also 
bonded and fixed to the first plate H1200. The second plate 
H1400 holds the electric wiring substrate H1300 in such a 
manner that the electric wiring substrate H1300, the first 
recording element substrate H1100, and the second record 
ing element substrate H1101 are electrically connected. 
0142. The electric wiring substrate H1300 applies an 
electrical signal for causing each of the nozzles formed on 
the first recording element substrate H1100 and the second 
recording element substrate H1101 to eject ink. The electric 
wiring substrate H1300 has: electric wiring corresponding to 
each of the first recording element substrate H1100 and the 
second recording element substrate H1101; and an external 
signal input terminal H1301 which is positioned at an end 
portion of the electric wiring to receive an electrical signal 
from the recording apparatus main body. The external signal 
input terminal H1301 is positioned and fixed to the back 
Surface side of the tank holder H1500. 

0143 Meanwhile, the flow path forming member H1600 
is fixed by means of, for example, ultrasonic welding to the 
tank holder H1500 for holding the ink tanks H1900. Thus, 
an ink flow path H1501 passing from the ink tanks H1900 
to the first plate H1200 is formed. 
0144. The filter H1700 is arranged at an end portion on 
the ink tank side of the ink flow path H1501 engaged with 
the ink tanks H1900, so the filter H1700 prevents dust from 
entering from the outside. The seal rubber H1800 is mounted 
on the portion at which the ink flow path H1501 is engaged 
with the ink tanks H1900 to prevent ink from evaporating 
from the portion. 

0145) Furthermore, as described above, the head car 
tridge H1000 is constituted by connecting through bonding 
or the like a tank holder portion constituted by: the tank 
holder H1500; the flow path forming member H1600; the 
filter H1700; and the seal rubber H1800, and the recording 
head portion H1001 constituted by: the first recording ele 
ment substrate H1100; the second recording element sub 
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strate H1101; the first plate H1200; the electric wiring 
substrate H1300; and the second plate H1400. 

0146) Description has been made here by taking, as an 
example of an embodiment of a recording head, a recording 
head according to a bubble jet (registered trademark) 
method that performs recording by means of an electrother 
mal converter (recording element) that generates thermal 
energy for causing ink to generate film boiling in accordance 
with an electrical signal. 

0147 The representative structure and principle of a 
bubble jet method are preferably based on basic principles 
disclosed in, for example, U.S. Pat. No. 4,723,129 and U.S. 
Pat. No. 4,740,796. The method is applicable to any one of 
so-called an on-demand type and a continuous type. In 
particular, the method is effective for the on-demand type 
because of the following reason. At least one driving signal 
which corresponds to recording information and causes a 
Sudden increase in temperature exceeding nuclear boiling is 
applied to an electrothermal converter arranged in corre 
spondence with a sheet or liquid flow path holding a liquid 
(ink), to thereby cause the electrothermal converter to gen 
erate thermal energy. Then, a thermal action Surface of a 
recording head is caused to generate film boiling. As a result, 
an air bubble in the liquid (ink) can be formed so as to be in 
one-to-one correspondence with the driving signal. The 
growth and contraction of the air bubble cause the liquid 
(ink) to be ejected through an opening for ejection, thereby 
forming at least one droplet. The driving signal is more 
preferably of a pulse shape because the growth and contrac 
tion of an air bubble can be performed immediately and 
appropriately, and hence the liquid (ink) can be ejected with 
particularly excellent responsiveness. 

0.148. An example of a second embodiment of an inkjet 
recording apparatus utilizing mechanical energy includes an 
on-demand inkjet recording head including: a nozzle form 
ing Substrate having multiple nozzles; pressure generating 
means arranged so as to be opposed to the nozzles and 
composed of a piezoelectric material and a conductive 
material; and ink filling the Surroundings of the pressure 
generating means, in which the pressure generating means is 
displaced through the application of a Voltage to eject a 
small ink droplet from the nozzle. 

0.149 The inkjet recording apparatus is not limited to 
Such apparatus as described above in which a head and an 
ink tank are separated, and may be one in which a head and 
an ink tank are integrated so that they are unseparable. The 
ink tank may be separably or unseparably integrated with the 
head to be mounted on a carriage, or may be mounted at a 
fixing portion of an apparatus to Supply ink to a recording 
head through an ink Supply member Such as a tube. When 
the ink tank is provided with a constitution for applying a 
preferable negative pressure to the recording head, an 
absorber may be arranged in an ink storage portion of the ink 
tank, or the ink tank may have a flexible ink storage bag and 
a spring portion for applying bias to expand the internal 
Volume of the bag. The recording apparatus may adopt a 
serial recording method as described above, or may be in the 
form of a line printer obtained by aligning recording ele 
ments over the range corresponding to the entire width of a 
recording medium. 
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EXAMPLES 

0150. Hereinafter, the present invention will be described 
by way of examples and comparative examples. However, 
the present invention is not limited to the following 
examples without departing from the gist of the present 
invention. Unless otherwise stated, the term “part of each 
ink component in examples and comparative examples 
represents “part by mass'. 
0151 <Preparation of Coloring Materiald 
0152 Diazotized 4-nitro-4-aminostilbene-2,2-disulfonic 
acid and 3-aminonapthalene-1-sulfonic acid were subjected 
to coupling. The resultant was turned into a triazole, and a 
nitro group of the triazole was reduced to an amino group by 
means of a conventionally known method to produce ami 
nostilbene-triazole. Aminostilbene-triazole was dissolved 
into water, and Sodium nitrite and hydrochloric acid were 
added dropwise to the solution to perform diazotization. The 
resultant was added dropwise to an aqueous solution of a 
compound represented by Compound (1) below, and the 
whole was subjected to coupling, followed by dialysis with 
sodium chloride. The compound was diazotized with an 
aqueous solution of Sodium nitrite, and was turned into a 
triazole by adding an aqueous Solution of 6-aminonaphtha 
lene-2-sulfonic acid. The triazole was dialyzed with sodium 
chloride to prepare a coloring material represented by Exem 
plified Compound 1 below. 

()-senson 

NaOS 

NaOS 
au3 2N N 

N CHFCH NEN N 

N N 

0153 <Judgment of Properties of Coloring Materiald 

0154 Properties (humidity resistance) of Exemplified 
Compound 1 thus prepared and the respective coloring 
materials shown in Table 5 below were judged by means of 
the method of judging properties of a coloring material of 
the present invention. 

0155 (Preparation of Model Ink and Clear Ink) 

0156. A model ink containing each coloring material was 
prepared according to the following prescription. 

Each coloring material 3.0 parts 
Glycerin 9.0 parts 
Urea 9.0 parts 

SONa 
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-continued 

Acetylenol E100 1.0 part 
(manufactured by Kawaken Fine Chemicals 
Co., Ltd.) 
Water Balance 

0157 Next, a clear ink was prepared by replacing the 
coloring material in the above composition with water. 
0158 Water has an evaporation rate X (mass %) of 100 
mass %. Glycerin and urea used as water-soluble organic 
Solvents in the above composition have evaporation rates X 
(mass %) of 0 mass % and 0.1 mass %, respectively. In 
addition, glycerin has a moisture absorptivity Y (mass %) of 
66.9 mass % and urea has a moisture absorptivity Y (mass 
%) of 86.0 mass %. Therefore, each of glycerin and urea 
corresponds to a water-soluble organic solvent having an 
evaporation rate Smaller than that of water and a moisture 
absorptivity of 20 mass % or more. 
0159 (Creation of Image for Evaluation and Calculation 
of Color Difference) 
0.160 The model ink was changed in the duty range of 
0% to 100% in an increment of 5% and the clear ink was 
changed in the duty range of 0% to 100% in an increment of 
5% to create an image for evaluation having a Superimposed 

Compound (1) 

Exemplified Compound (1) 

SONa 

gradation pattern. An inkjet printer (trade name: PIXUS 
950i; manufactured by CANON Inc.) and a recording 
medium (trade name: SP-101; manufactured by CANON 
Inc.) were used for creating the image for evaluation. The 
resultant recorded article was left in an environment having 
a temperature of 25°C. and a humidity of 60% for 48 hours, 
and then the color tone of the Superimposed gradation 
pattern portion was measured by means of a spectropho 
tometer (trade name: Spectrorino; manufactured by Gretag 
Macbeth). The recorded article was additionally left in an 
environment having a temperature of 30° C. and a humidity 
of 80% for 168 hours, and then the color tone was measured 
in the same manner as that described above by means of the 
spectrophotometer as that described above. The color dif 
ference (AE) in the image for evaluation was calculated on 
the basis of the following expression (1) from the color tone 
of the image for evaluation after having been left in the 
environment having a temperature of 25°C. and a humidity 
of 60% for 48 hours and the color tone of the image for 
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evaluation after having been left in the environment having 
a temperature of 30° C. and a humidity of 80% for 168 
hours. 

0161 Values of Lab in a CIE-Lab color space of the 
image for evaluation after having been left in the environ 
ment having a temperature of 25°C. and a humidity of 60% 
for 48 hours (initial standard State)=(L., a, b) 
0162 Values of Lab in the CIE-Lab color space of 
the image for evaluation after having been left in the 
environment having a temperature of 30° C. and a humidity 
of 80% for 168 hours (after an acceleration test)=(L., a, b) 

0163 The maximum color difference (AE) out of the 
color differences in the respective images for evaluation 
calculated on the basis of the expression (1) was calculated. 
Table 5 shows the results. 

TABLE 5 

Coloring material AEmax 

Exemplified Compound 1 7.5 
C.I. Food Yellow 3 10.4 

0164) <Preparation of Inks 
0165 Inks A to G of Examples and inks H to K of 
Comparative Examples were prepared by means of Exem 
plified Compound 1 thus prepared and C.I. Food Yellow 3 
according to the prescription shown in Table 6. 

13 
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0168 (1) Humidity Resistance of Ink 
0.169 Each of the inks of Examples and Comparative 
Examples was changed in the duty range of 0% to 100% in 
an increment of 5% and the corresponding clear ink was 
changed in the duty range of 0% to 100% in an increment of 
5% to create an image for evaluation having a Superimposed 
gradation pattern. The combination of the ink and the clear 
ink was the combination of the ink A and the clear ink A, the 
combination of the ink B and the clear ink B, or the like. A 
glossy recording medium (SP-101; manufactured by 
CANON Inc.) was used as a recording medium. The result 
ant recorded article was left in an environment having a 
temperature of 25° C. and a humidity of 60% for 48 hours, 
and then the color tone of the Superimposed gradation 
pattern portion was measured by means of a spectropho 
tometer (trade name: Spectrorino; manufactured by Gretag 
Macbeth). The recorded article was additionally left in an 
environment having a temperature of 30° C. and a humidity 
of 80% for 168 hours, and then the color tone was measured 
in the same manner as that described above by means of the 
spectrophotometer as that described above. The color dif 
ference (AE) in each image for evaluation was calculated on 
the basis of the following expression (1) from the color tone 
of the image for evaluation after having been left in the 
environment having a temperature of 25°C. and a humidity 
of 60% for 48 hours and the color tone of the image for 
evaluation after having been left in the environment having 
a temperature of 30° C. and a humidity of 80% for 168 
hours. 

0170 Values of Lab in the CIE-Lab color space of 
the image for evaluation after having been left in the 

H I J K 

3.0 3.0 3.0 
3.0 

9.2 9.2 100 
6.O S.O S.O 

S.O 

4.0 
2.O 
3.0 

9.0 S.O 1O.O 
8.0 S.O 9.0 5.5 

O.9 O.9 O.9 
O.1 

S8.9 77.9 67.9 60.6 

TABLE 6 

Ink 

A. B C D E F G 

Exemplified Compound 1 3.0 4.5 3.0 3.0 3.0 3.0 3.0 
C.I.Food Yellow 3 
Ethylene glycol 4.0 11.2 
Diethylene glycol 9.2 9.2 9.2 5.2 S.O 9.2 
2-pyrrollidone S.O S.O S.O 2.0 S.O 9.4 
Ethylene urea S.O S.O 2.0 2.0 
.5-pentanediol S.O 

N-methyl-2-pyrrollidone 
Butyl carbitol 
Sopropyl alcohol 
Urea 
Glycerin 9.O 7.0 9.0 8.0 8.0 10.O. 10.0 
Polyethylene glycol (*1) S.O S.O 
Acetylenol E100 (*2) O.9 O.9 O.9 O.9 O.9 O.9 O.9 
Surfynol 104PG50 (*3) 
on-exchanged water 67.9 68.4 67.9 69.9 69.9 76.1 67.5 

(*1) A molecular weight of 200 
(2) Ethylene oxide adduct of acetylene glycol (surfactant) (manufactured by Kawaken Fine Chemicals Co., 
Ltd.) 
(*3) Surfactant; manufactured by Nissin Chemical Industry Co., Ltd. 

0166 <Printing Evaluation> 

0167 Clear inks A to K were prepared by replacing each 
of the coloring materials in the prescription of the inks A to 
G of Examples and the inks H to K of Comparative 
Examples thus obtained with pure water. An inkjet printer 
(trade name: PIXUS 950i; manufactured by CANON Inc.) 
was used for the evaluation. 

environment having a temperature of 25°C. and a humidity 
of 60% for 48 hours (initial standard state)=(L., a, b) 
0171 Values of Lab in the CIE-Lab color space of 
the image for evaluation after having been left in the 
environment having a temperature of 30° C. and a humidity 
of 80% for 168 hours (after an acceleration test)=(L., a, b) 
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0172 The maximum color difference (AE) out of the 
color differences in the respective images for evaluation 
calculated on the basis of the expression (1) was calculated, 
and each ink was evaluated for humidity resistance on the 
basis of the following criteria. Table 7 shows the results. 
0173 A 4.02AE 
0174) B 5.52AE>4.0 
0175 C 702AE>5.5 
0176) DAE-7.0 
0177) (2) Start up Ejection Stability 
0178 An inkjet printer on which an ink cartridge storing 
each of the inks of Examples and Comparative Examples 
had been mounted was left in an environment having a 
temperature of 15° C. and a humidity of 10% for 1 day. After 
that, printing was performed on high-quality dedicated paper 
(trade name: HR-101; manufactured by CANON Inc.) in the 
environment having a temperature of 15° C. and a humidity 
of 10% by means of the ink with a duty of 50%. Further 
more, printing was performed again in the same manner as 
that described above after a certain time interval from the 
above printing, and the time interval after which remarkable 
lack or dot mis-alignment occurred at an early stage of 
printing was measured. Start up ejection stability was evalu 
ated by means of the measured time on the basis of the 
following criteria. Table 7 shows the results. 
0179 A. An intermission of 5 seconds or longer 
0180 B An intermission of 3 seconds or longer and 
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of the water-soluble organic solvent satisfying the relation 
ship represented by the expression (2) with respect to the 
total content of the water-soluble organic solvents in the ink 
is 65% or more. When Example 1 is compared with Example 
3, humidity resistance and excellent start up ejection stabil 
ity are obtained in the case where ethylene urea is incorpo 
rated as the water-soluble organic solvent satisfying the 
relationship represented by the expression (2). When 
Example 4 is compared with Example 5, humidity resistance 
and excellent start up ejection stability are obtained in the 
case where any one of diethylene glycol, 2-pyrrolidone, and 
ethylene urea is incorporated as the water-soluble organic 
Solvent satisfying the relationship represented by the expres 
sion (2). 
0183 <Judgment of Humidity Resistance of Coloring 
Materiald 

0.184 The humidity resistance of each of various coloring 
materials was judged by means of the following method. 
Hereinafter, a specific example of a method of judging 
humidity resistance will be described. 
0185 (Preparation of Model Ink and Clear Ink) 
0186 To be specific, a model ink was prepared according 
to the following composition by using glycerin and urea as 
water-soluble organic solvents, Acetylenol E100 (manufac 
tured by Kawaken Fine Chemicals Co., Ltd.) as a surfactant, 
and C.I. Direct Yellow 132 as a coloring material. 

shorter than 5 seconds Glycerin 10 mass % 
Urea 10 mass % 

0181 C An intermission of shorter than 3 seconds 

TABLE 7 

Example Comparative Example 

1 2 3 4 5 6 7 1 2 3 4 

Yellow Ink A. B C D E F G H I J K 
Xmass % (*4) 28.2 26.2 28.2 26.2 26.2 20.O 28.6 32.2 190 28.2 30.5 
Ymass % (*5) 19.2 19.2 19.2 13.2 13.2 100 18.6 15.2 9.O. 19.2 15.O 
Z% (*6) 68.1 73.3 68.1 50.4 SO4 SOO 650 47.2 47.4 68.1 49.2 
Humidity A. A. A. B B B A. C C D C 
resistance 
Intermittent A. B B A. B B B A. A. A. B 
ejection 
stability 

(*4) The total content of water-soluble organic solvents mass % 
(*5) The content of a water-soluble organic solvent satisfying the expression (2) mass % 
(*6) A ratio of the water-soluble organic solvent satisfying the expression (2) to the total content of 
the water-soluble organic solvents (%) 

0182. As can be seen from Table 7 above, when 
Examples 1 to 7 are compared with Comparative Examples -continued 
1, 2, and 4, excellent humidity resistance is obtained in the 
case where Exemplified Compound 1 having a color differ- Acetylenol E100 (manufactured by Kawaken Fine 1.0 mass % 
ence (AE) judged by means of the method of judging Chemicals . Ltd.) 0. 
properties of a coloring material of 9 or less is used and the C.I. Direct Yellow 132 3.0 mass % 

Water Balance 
content of a water-soluble organic Solvent satisfying the 
relationship represented by the expression (2) with respect to 
the total content of the water-soluble organic solvents in the 
ink is 50 mass % or more. When Examples 1, 2, 3, and 7 are 
compared with Examples 4, 5, and 6, additionally excellent 
humidity resistance is obtained in the case where the content 

0187 Next, separately from the model ink, a clear ink 
was prepared by replacing the coloring material portion of 
the model ink with water. 
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0188 Water has an evaporation rate of 100%. Mean 
while, glycerin and urea used here as water-soluble organic 
solvents have evaporation rates X (mass %) of 0 mass % and 
0.1 mass %, respectively. In addition, glycerin has a mois 
ture absorptivity Y (mass %) of 66.9 mass % and urea has 
a moisture absorptivity Y (mass %) of 86.0 mass %. There 
fore, each of glycerin and urea corresponds to a water 
soluble organic solvent having an evaporation rate X (mass 
%) smaller than that of water and a moisture absorptivity Y 
(mass %) of 20 or more. 
0189 (Printing by Means of Model Ink and Clear Ink) 
0190. An inkjet printer (trade name: PIXUS 950i; manu 
factured by CANON Inc.) and a recording medium (trade 
name: SP-101; manufactured by CANON Inc.) were used 
for creating an image for evaluation. An image with a total 
duty of 80% in which the above model ink with a printing 
duty of 10% and the above clear ink with a printing duty of 
70% were superimposed was printed in an environment 
having a temperature of 25° C. and a humidity of 60%. 
0191 (Leaving of Recorded Article) 
0192 The recorded article was left in the environment 
having a temperature of 25° C. and a humidity of 60% for 
48 hours. After that, the CIE-Lab values of the image were 
measured by means of a spectrophotometer (trade name: 
Spectrolino; manufactured by Gretag Macbeth), and the 
values of Lab=(L, a, b) in the CIE-Lab color space in 
an initial standard State were determined. At that time, 
L=93.6, a=-7.5, and b=36.8. 
0193 After that, the recorded article was left in an 
environment having a temperature of 30° C. and a humidity 

Exemplified O.S 1.O O.S 
Compound 1 
C.I.Direct 
Yellow 132 
C.I.Direct 
Yellow 142 
C.I.Direct 
Yellow 86 
C.I.Direct 
Yellow 173 
C.I.Acid 
Yellow 23 
Ethylene 
glycol 

2.5 3.0 2.5 

Diethylene 9.2 9.2 9.2 
glycol 
2- S.O 
pyrrollidone 
Ethylene 
le:8 

1,5- 
pentanediol 
N-methyl-2- 
pyrrollidone 
Butyl 
carbitol 

15 

OS 

2.5 

4.2 

SO 

3.0 
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of 80% for 168 hours, and then the CIE-Lab values of the 
image were measured by means of a spectrophotometer 
(trade name: Spectrolino; manufactured by Gretag Mac 
beth), and the values of Lab=(L, A, B) in the CIE-Lab 
color space in an initial standard State were determined. At 
that time, L=93.5, a=-9.6, and b-45.0. The results con 
firmed the following expression. 

AE-V(L1-L2)-(a-a-)^+(b-b)=8.5 (1) 
0194 The color difference (AE) between any other col 
oring material before the leaving in the environment having 
a temperature of 30° C. and a humidity of 80% and the 
coloring material after the leaving in the same environment 
is as shown in Table 8 below. 

TABLE 8 

Maximum value of AE obtained 
by means of a method of 

Coloring material judging humidity resistance 

Yellow coloring material Y1 7.5 
Direct Yellow 132 8.5 
Direct Yellow 142 8.0 
Direct Yellow 86 S.O 
Direct Yellow 173 4.8 
Acid Yellow 23 9.7 

0.195 <Preparation of Inki> 
0196) Inks L to U of Examples and inks V to Y of 
Comparative Examples were prepared by means of Exem 
plified Compound 1 thus prepared and the respective col 
oring materials, according to the prescription shown in Table 
9. 

TABLE 9 

Ink 

P Q R S T U V W X Y 

O.S. O.S O.S O.S O.S 3.0 O.S O.S O.S O.S 

2.5 2.5 2.5 2.5 2.5 2.5 

3.0 

3.0 

O.S 

2.5 

11.2 3.0 1O.O 

S.O 9.2 9.2 9.2 9.2 9.2 

S.O 9.4 S.O S.O S.O S.O S.O S.O 

3.0 S.O S.O S.O S.O 

4.0 

2.O 
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TABLE 9-continued 

Ink 

Isopropyl 
alcohol 
Urea 
Glycerin 
Polyethylene 
glycol (*1) 
Surfynol 
104PG50 (+3) 
Ion 
exchanged 
Water 

9.O 7.0 9.0 12.O 120 100 10.O 9.0 9.O 

67.9 68.9 67.9 69.9 69.9 76.1 67.5 67.4 67.4 

(2) Ethylene oxide adduct of acetylene glycol (surfactant) 
(*3) (Surfactant; manufactured by Nissin Chemical Industry Co., Ltd.) 

0197) <Printing Evaluation> 
0198 Clear inks L to Y were prepared by replacing each 
of the coloring materials in the prescription of the inks L to 
U of Examples and the inks V to Y of Comparative 
Examples thus obtained with pure water. An inkjet printer 
(trade name: PIXUS 950i; manufactured by CANON Inc.) 
was used for the evaluation. 

0199 (1) Humidity Resistance of Ink 
0200 Each of the inks of Examples and Comparative 
Examples was changed in the duty range of 0% to 100% in 
an increment of 5% and the corresponding clear ink was 
changed in the duty range of 0% to 100% in an increment of 
5% to create an image for evaluation having a Superimposed 
gradation pattern. The combination of the ink and the clear 
ink was the combination of the ink Land the clear ink L, the 
combination of the ink M and the clear ink M, or the like. 
A glossy recording medium (SP-101; manufactured by 
CANON Inc.) was used as a recording medium. The result 
ant recorded article was left in an environment having a 
temperature of 25° C. and a humidity of 60% for 48 hours, 
and then the color tone of the Superimposed gradation 
pattern portion was measured by means of a spectropho 
tometer (trade name: Spectrorino; manufactured by Gretag 
Macbeth). The recorded article was additionally left in an 
environment having a temperature of 30° C. and a humidity 
of 80% for 168 hours, and then the color tone was measured 
in the same manner as that described above by means of the 
spectrophotometer as that described above. The color dif 
ference (AE) in each image for evaluation was calculated on 
the basis of the following expression (1) from the color tone 
of the image for evaluation after having been left in the 
environment having a temperature of 25°C. and a humidity 
of 60% for 48 hours and the color tone of the image for 
evaluation after having been left in the environment having 
a temperature of 30° C. and a humidity of 80% for 168 
hours. 

0201 Values of Lab in the CIE-Lab color space of 
the image for evaluation after having been left in the 
environment having a temperature of 25°C. and a humidity 
of 60% for 48 hours (initial standard state)=(L., a, b) 
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U V W X Y 

3.0 

S.O. 10.O S.O 1O.O 
9.0 13.0 S.O 9.0 5.5 

O.1 

624 65.1 77.9 67.9 65.6 

0202) Values of Lab in the CIE-Lab color space of 
the image for evaluation after having been left in the 
environment having a temperature of 30° C. and a humidity 
of 80% for 168 hours (after an acceleration test)=(L., a, b) 

0203 The maximum color difference (AE) out of the 
color differences in the respective images for evaluation 
calculated on the basis of the expression (1) was calculated, 
and each ink was evaluated for humidity resistance on the 
basis of the following criteria. Table 9 shows the results. 
0204 A 4.02AE 
0205 B 5.52AE>4.0 
0206 C 7.02AE-5.5 
0207 DAE-7.0 
0208 (2) Start up Ejection Stability 
0209 An inkjet printer on which an ink cartridge storing 
each of the inks of Examples and Comparative Examples 
had been mounted was left in an environment having a 
temperature of 15° C. and a humidity of 10% for 1 day. After 
that, printing was performed on high-quality dedicated paper 
(HR-101; manufactured by CANON Inc.) in the environ 
ment having a temperature of 15° C. and a humidity of 10% 
by means of the ink with a duty of 50%. Furthermore, 
printing was performed again in the same manner as that 
described above after a certain time interval from the above 
printing, and the time interval after which remarkable lack 
or dot mis-alignment occurred at an early stage of printing 
was measured. Start up ejection stability was evaluated by 
means of the measured time on the basis of the following 
criteria. Table 9 shows the results. 

0210 A An intermission of 5 seconds or longer 
0211 B An intermission of 3 seconds or longer and 
shorter than 5 seconds 

0212 C An intermission of shorter than 3 seconds 
0213 (3) Image Density 
0214. Each of the inks of Examples and Comparative 
Examples was used to perform printing with a duty of 100%, 
to thereby produce a recorded article. A glossy recording 
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medium (SP-101; manufactured by CANON Inc.) was used 
as a recording medium. The resultant recorded article was 
naturally dried for 24 hours. The optical density of a printed 
portion was measured by means of a spectrophotometer 
(trade name: Spectrolino; manufactured by Gretag Mac 
beth), and an image density was evaluated on the basis of the 
following criteria. Table 9 shows the results. 
0215 A. An optical density of larger than 1.85 
0216 B. An optical density of 1.75 or more and 1.85 or 
less 

0217 C An optical density of smaller than 1.75 
0218 (4) ColorTone 
0219. Each of the inks of Examples and Comparative 
Examples was used to perform printing with a duty of 100%, 
to thereby produce a recorded article. A glossy recording 
medium (PR-101; manufactured by CANON Inc.) was used 
as a recording medium. The resultant recorded article was 
naturally dried for 24 hours. The chroma (C) and hue angle 
(h) of a printed portion were measured by means of a 
spectrophotometer (trade name: Spectrolino; manufactured 
by Gretag Macbeth). The chroma (C) was calculated on the 
basis of the following expression (3) from the values of ab 
in the CIE-Lab color space. The chroma and the hue angle 
were evaluated on the basis of the following criteria. Table 
10 shows the results. 

C-Va+b? (3) 

0220 Chroma (C) 
0221) A C of 105 or more 
0222 B C of 95 or more and less than 105 Hue angle (h) 
0223) A h is 85 or more and less than 90. 
0224 Bh is 83 or more and 85 or less, or is 90 or more 
and 92 or less. 

0225 Ch is less than 83, or is larger than 92. 
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0226. As can be seen from Table 10 above, when 
Examples 8 to 17 are compared with Comparative Examples 
5, 6, and 8, excellent humidity resistance is obtained in the 
case where the content of a water-soluble organic solvent 
satisfying the relationship represented by the expression (2) 
with respect to the total content of the water-soluble organic 
solvents in the ink is 50 mass % or more. When Examples 
8, 9, 10, and 14, and Examples 11, 12, and 13, which involve 
the use of the same coloring material, are compared, addi 
tionally excellent humidity resistance is obtained in the case 
where the content of the water-soluble-organic solvent sat 
isfying the relationship represented by the expression (2) 
with respect to the total content of the water-soluble organic 
solvents in the ink is 65% or more. When Examples 8 to 14 
are compared with Examples 15 to 17, with regard to an 
image density and a color tone, excellent humidity resis 
tance, excellent start up ejection stability, an excellent image 
density, and an excellent color tone are obtained by using 
Exemplified Compound 1 and C.I. Direct Yellow 132 in 
combination. When Example 8 is compared with Example 
10, humidity resistance and excellent start up ejection sta 
bility are obtained in the case where ethylene urea is 
incorporated as the water-soluble organic solvent satisfying 
the relationship represented by the expression (2). When 
Example 11 is compared with Example 12, humidity resis 
tance and excellent start up ejection stability are obtained in 
the case where any one of diethylene glycol, 2-pyrrolidone, 
and ethylene urea is incorporated as the water-soluble 
organic solvent satisfying the relationship represented by the 
expression (2). 

0227. The present application claims the priority from 
each of Japanese Patent Application No. 2004-196446 filed 
on Jul. 2, 2004, Japanese Patent Application No. 2004 
196449 filed on Jul. 2, 2004, and Japanese Patent Applica 
tion No. 2005-193806 filed on Jul. 1, 2005, the contents of 
which are cited to constitute part of the present application. 

TABLE 10 

Example Comparative Example 

8 9 10 11 12 13 14 15 16 7 5 6 7 8 

()nk L M N O P Q R S T U V W X Y 

(mass % (4) 28.2 26.2 28.2 26.2 26.2 20.0 28.6 28.2 28.2 33.2 31.0 19.0 28.2 30.5 
() mass % (*5) 19.2 19.2 19.2 14.2 14.2 10.0 18.6 19.2 19.2 19.2 8.0 9.0 19.2 15.O 
(% (*6) 68.1 73.3 68.1 54.2 542 SOO 650 68.1 68.1 57.8 25.8 47.4 68.1 49.2 
()umidity A. A. A. B B B A. B A. B D C C C 

(esistance 
()ntermittent A. B B A. B B B B B B A. A. B B 
(jection 
(tability 
(2)mage A. A. A. A. A. A. A. B A. B A. A. C A. 
(ensity 
()hroma (C) A. A. A. A. A. A. A. A. A. B A. A. A. A. 
(Due angle A. A. A. A. A. A. A. B C B A. A. B A. 

(h) 

(*4) The total content of water-soluble organic solvents mass % 
(*5) The content of a water-soluble organic solvent satisfying the expression (2) mass % 
(*6) A ratio of the water-soluble organic solvent satisfying the expression (2) to the total content of the water-soluble 
organic solvents 96 
() indicates text missing or illegible when filed 
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What is claimed is: 

1. An inkjet ink, comprising at least a coloring material 
and water-soluble organic solvent, characterized in that the 
inkjet ink satisfies the following conditions (A) and (B): 

(A) A color difference AE judged by means of a method 
of judging properties of a coloring material including 
the following steps (1) to (3) is 9 or less, 

(1) A step involving: applying a model ink comprising the 
coloring material, water, and a water-soluble organic 
Solvent having an evaporation rate X (mass %) Smaller 
than the evaporation rate of water and a moisture 
absorptivity Y (mass %) which is 20 or more and 
satisfies a relationship of Ye2.8X--10; and applying a 
clear ink prepared by replacing only the coloring mate 
rial of the model ink with water on the model ink in 
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sented by the following expression (2) in all the water 
soluble organic solvents in the ink is 50 mass % or 
O. 

Ys 2.8X-10 (2) 

(In the expression (2), X represents an evaporation rate 
and Y represents a moisture absorptivity.) 

2. An inkjet ink according to claim 1, wherein the number 
of the coloring material is at least two; and each of the 
coloring materials satisfies the conditions (A) and (B). 

3. An inkjet ink according to claim 1, wherein the content 
of the water-soluble organic solvent satisfying the expres 
sion (2) is 65 mass % or more with respect to a content of 
all the water-soluble organic solvents in the ink. 

4. An ink jet ink according to claim 1, wherein the 
coloring material comprises a compound represented by the 
following general formula (I) or a salt thereof; 

General formula (I) 

(SO3M) 

Such a manner that an amount of the model ink is 
Smaller than that of the clear ink, 

(2) A step involving: leaving a recorded article obtained in 
the step (1) in an environment having a temperature of 
25° C. and a humidity of 60% for 48 hours; and 
Subsequently leaving the recorded article in an envi 
ronment having a temperature of 30° C. and a humidity 
of 80% for 168 hours, 

(3) A step of judging the color difference (AE) represented 
by the following expression (1) between the recorded 
article before the leaving for 168 hours and the 
recorded article after the leaving for 168 hours, 

(In the expression (1), L., a, and b represent L. a, and b 
of an Lab colorimetric system after the leaving for 48 
hours and before the leaving for 168 hours, respec 
tively, and L., a, and b represent L., a, and b of the Lab 
calorimetric system after the leaving for 168 hours, 
respectively.) 

(B) A content of a water-soluble organic solvent in which 
the evaporation rate X (mass %) and the moisture 
absorptivity Y (mass %) satisfy a relationship repre 

wherein M's each independently represent a hydrogen atom, 
an alkali metal, an alkali earth metal, a cation of organic 
amine or an ammonium ion, and n’s each independently 
represent 1 or 2. 

5. An ink jet ink according to claim 1, wherein the 
water-soluble organic solvent satisfying the expression (2) is 
selected from the group consisting of ethylene glycol, dieth 
ylene glycol, 2-pyrrolidone, 1,5-pentanediol. 1.6-hex 
anediol, and ethylene urea. 

6. An ink jet ink according to claim 5, wherein the 
water-soluble organic solvent satisfying the expression (2) 
comprises diethylene glycol, 2-pyrrolidone, or ethylene 
lea. 

7. An inkjet ink, comprising at least a coloring material 
and water-soluble organic solvent, characterized in that the 
inkjet ink satisfies the following conditions (A) and (B): 

(A) The inkjet ink contains a compound represented by 
the following general formula (I) or a salt thereof, 

(B) A content of a water-soluble organic solvent in which 
an evaporation rate X (mass %) and a moisture absorp 
tivity Y (mass %) satisfy a relationship represented by 
the following expression (2) in all the water-soluble 
organic solvents in the ink is 50 mass % or more, 
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General formula (I) 

(SO3M) 

wherein M's each independently represent a hydrogen 
atom, an alkali metal, an alkali earth metal, a cation of 
organic amine or an ammonium ion, and n’s each 
independently represent 1 or 2. 
Ys 2.8X-10 (2) 

(In the expression (2), X represents an evaporation rate 
and Y represents a moisture absorptivity.) 

8. An inkjet ink according to claim 7, further comprising 
C.I. Direct Yellow 132 as the coloring material. 

9. An inkjet ink according to claim 7, wherein the content 
of the water-soluble organic solvent satisfying the expres 
sion (2) is 65 mass % or more with respect to a content of 
all the water-soluble organic solvents in the ink. 

10. An inkjet ink according to claim 7, wherein the 
water-soluble organic solvent satisfying the expression (2) is 
selected from the group consisting of ethylene glycol, dieth 
ylene glycol, 2-pyrrolidone, 1.5-pentanediol. 1,6-hex 
anediol, and ethylene urea. 

11. An ink jet ink according to claim 10, wherein the 
water-soluble organic solvent satisfying the expression (2) 
comprises diethylene glycol, 2-pyrrolidone, or ethylene 
lea. 

12. An inkjet ink, comprising at least a coloring material 
and a water-soluble organic solvent, characterized in that: 

the coloring material comprises a compound represented 
by the following general formula (I) or a salt thereof; 
and 

the water-soluble organic solvent is selected from the 
group consisting of ethylene glycol, diethylene glycol, 
2-pyrrolidone, 1.5-pentanediol. 1.6-hexanediol, and 
ethylene urea: 

wherein M's each independently represent a hydrogen 
atom, an alkali metal, an alkali earth metal, a cation of 
organic amine or an ammonium ion, and n’s each 
independently represent 1 or 2. 

13. An inkjet ink according to claim 12, further com 
prising C.I. Direct Yellow 132 as the coloring material. 

14. An inkjet ink according to claim 12, wherein a content 
of the water-soluble organic solvent is 65 mass % or more 
with respect to a content of all water-soluble organic Sol 
vents in the ink. 

15. An inkjet ink according to claim 12, wherein the 
water-soluble organic solvent comprises diethylene glycol, 
2-pyrrolidone, or ethylene urea. 

16. An inkjet recording method, comprising ejecting an 
ink by inkjet method, characterized in that the ink comprises 
the inkjet ink according to claim 1. 

17. An inkjet recording method, comprising ejecting an 
ink by inkjet method, characterized in that the ink comprises 
the inkjet ink according to claim 7. 

18. An inkjet recording method, comprising ejecting an 
ink by inkjet method, characterized in that the ink comprises 
the inkjet ink according to claim 12. 

19. An ink cartridge, comprising an ink storage portion for 
storing ink, characterized in that the ink comprises the inkjet 
ink according to claim 1. 

20. An ink cartridge, comprising an ink storage portion for 
storing ink, characterized in that the ink comprises the inkjet 
ink according to claim 7. 

21. An ink cartridge, comprising an ink storage portion for 
storing ink, characterized in that the ink comprises the inkjet 
ink according to claim 12. 
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22. A recording unit, comprising an ink storage portion for 
storing ink and a recording head for ejecting the ink, 
characterized in that the ink comprises the ink jet ink 
according to claim 1. 

23. A recording unit, comprising an ink storage portion for 
storing ink and a recording head for ejecting the ink, 
characterized in that the ink comprises the ink jet ink 
according to claim 7. 

24. A recording unit, comprising an ink storage portion for 
storing ink and a recording head for ejecting the ink, 
characterized in that the ink comprises the ink jet ink 
according to claim 12. 

25. An ink jet recording apparatus, comprising an ink 
storage portion for storing ink and a recording head for 
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ejecting the ink, characterized in that the ink comprises the 
inkjet ink according to claim 1. 

26. An ink jet recording apparatus, comprising an ink 
storage portion for storing ink and a recording head for 
ejecting the ink, characterized in that the ink comprises the 
inkjet ink according to claim 7. 

27. An ink jet recording apparatus, comprising an ink 
storage portion for storing ink and a recording head for 
ejecting the ink, characterized in that the ink comprises the 
inkjet ink according to claim 12. 


